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(57) ABSTRACT

A termination network simultaneously provides a voltage-
limited output direct current (dc) bias and termination of a
broadband distributed amplifier operating down to an arbi-
trary low frequency. It 1s capable of being fabricated 1n a
single Integrated Circuit (IC) chip, without the excess power
dissipation associated with biasing through a termination
resistor, and without the use of external inductor networks.
It also limits the maximum dynamic voltage swing on the
outputs of the active gain devices used within the distributed
amplifier, so as to increase the reliability of the distributed
amplifier under large signal over drive conditions.
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YOLTAGE-LIMITED DISTRIBUTED
CURRENT SOURCE FOR ULTRA-
BROADBAND IMPEDANCE TERMINATION

CROSS-REFERENCE TO RELATED
APPLICATTONS

This application claims the benefit of U.S. Provisional
Application No. 60/363,059, filed Mar. 11, 2002, which
application 1s 1incorporated by reference herein.

BACKGROUND

1. Field of the Invention

The present mvention relates to the field of electronic
components for optical and broadband communication
systems, and 1n particular, to techniques implemented 1n
integrated circuit (IC) technology for biasing and terminat-
ing the output of a broadband distributed amplifier.

2. Background

Distributed amplifiers are multi-stage amplifiers used in
optical and broadband communication systems to amplily
signals over a broad frequency band, including frequencies
below 500 MHz. Distributed amplifiers require their input
and output lines to be terminated by a load impedance equal
to the characteristic 1mpedance of each line to maximize
power transfer from the distributed amplifier to the load.
Preferably, this terminating load impedance (hereinafter also
referred to as “impedance termination™) provides constant
impedance over the enfire frequency range of operation of
the distributed amplifier. The impedance termination also
provides direct current (dc) biases to the active gain devices
in the distributed amplifier used to amplily signals. One such
active gain device is the Field Effect Transistor (FET), which
typically requires dc biases applied to its mput terminals
(c.g., gate, base) and to its output terminals (e.g., drain,
collector) to place the device in an amplifying state.

Biasing the mput lines of a distributed amplifier 1s typi-
cally not a problem, because the mnput terminals of the active
gain devices, which make up the distributed amplifier, use
little mput bias current as compared to output bias current.
The 1nput bias current 1s also small compared to the 1nput
line impedance of the distributed amplifier. Thus, a dc bias
can be applied to the input line of a distribute amplifier
directly through a termination resistor without excessive
power dissipation.

By contrast, it 1s not simple to design the impedance
termination for a distributed amplifier using IC technology
when the amplifier has to operate at frequencies below 500
MHz. For example, 1t 1s difficult to maintain constant output
impedance termination while providing dc bias to the output
terminals of the active gain devices 1n the distributed ampli-
fier. This 1s because the output terminals of the active gain
devices draw a significant amount of bias current.

One conventional solution 1s to provide the impedance
termination on chip, and to bring the de bias through an
internal inductor or an external biasing choke network. The
use of an mternal inductor 1s not an 1deal solution when the
lowest frequency of operation of the distributed amplifier 1s
below 500 MHz because the size of the inductor 1s too large
to realize on chip. A large internal inductor tends to have
series resonance that limits the maximum frequency range of
the distributed amplifier.

Alternatively, an external choke can be implemented as a
single large mductor off chip when the lowest frequency of
operation 1s above 50 MHz. An external choke, however, 1s
also not an 1deal solution because of the high cost of
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manufacturing a suitable inductor (e.g., one that 1s free of
spurious series resonance from 50 MHz to greater than
GHz). Additionally, because such inductors are physically
large and of an awkward shape they are difficult to mechani-
cally mount inside a microcircuit package next to a distrib-
uted amplifier IC using automated assembly equipment.
This means they must be assembled by hand, which adds
significantly to the cost of the packaged distributed amplifier
assembly.

When the amplifier 1s required to operate at frequencies
below 50 MHz, as 1s often the case 1n optical communication
systems, one inductor 1s usually not enough. For such an
amplifier, a more complicated network can be used, such as
the network described in V. Kaman, T. Reynolds, A.
Petersen, J. E. Bowers, “A 100 KHz to 50 GHz Traveling-
Wave Amplifier IC Module,” IEEE Microwave and Guided
Wave Letters, Vol. 9, Section 10, pp. 416—418, October
(1999). While this network can achieve the required perfor-
mance without adding any extra dc power dissipation, it 1s
expensive to implement. Indeed, 1t may be more than twice
as expensive as the single mnductor method used down to 50
MHz, because 1t requires at least two physically large
inductors, which must be mechanically supported, and
which require even more expensive hand assembly.

Another common solution 1s to provide the dc bias to the
output line of the distributed amplifier through a reverse
termination resistor. This method of providing the dc bias to
the output line dissipates excess power on chip. For
example, a broadband amplifier which can drive 8 Volis
(peak-to-peak) into a 50 Ohm load is typically biased at
about 8 Volts with 250 mA of collector current, and dissi-
pates 2 Watts of dc power when biased using a large
inductor, as previously discussed. The most common output
line characteristic impedance for optical and broadband
applications 1s 50 Ohms. If one were to provide the output
bias through a 50 €2 termination resistor in the above
example, the amplifier would have to be biased at about 20.5
Volts instead of 8 Volts. This allows for 12.5 Volts (250
mA*50 Q2=12.5 V) voltage drop across the biasing resistor,
and leads to over 5 Watts of power dissipation, most of
which 1s being dissipated 1n the reverse termination resistor.
Besides the power dissipation, the reverse termination resis-

tor has to be physically large to pass 250 mA of collector
current.

There are several problems associated with implementing
large termination resistors on chip. Such resistors are typi-
cally implemented as large thin film resistors, which have a
large shunt capacitance and limited current handling capa-
bility. Many IC foundries have stringent limits on the current
handling capability of thin film resistors. To avoid this
problem a special thin film resistor process can be requested,
which handles twice-as much current (e.g., using a lower
(2/sq thin film of extra thickness), but typically costs more
to fabricate.

Accordingly, there 1s a need for an impedance termination
that can simultaneously provide voltage-limited output dc
bias and proper termination of a broadband distributed
amplifier, operating down to an arbitrary low frequency. It
should be capable of being fabricated 1n a single IC chip,
without the excess power dissipation associated with biasing
through a reverse termination resistor, and without the use of
external biasing chokes. It should also limit the maximum
dynamic voltage swing on the outputs of the active gain
devices used within the distributed amplifier, so as to sig-
nificantly increase the reliability of the distributed amplifier

under large signal over drive conditions.

SUMMARY OF THE INVENTION

The present mnvention overcomes the deficiencies of con-
ventional circuits and techniques by mtegrating or otherwise
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connecting a voltage-limited distributed current source with
an integrated circuit (e.g., a distributed amplifier, broadband
amplifier, mixer, oscillator, etc.) to provide biasing and
termination impedance for the mtegrated circuit.

In one embodiment of the present invention, an integrated
circuit device comprises an integrated circuit (e.g., a dis-
tributed amplifier) having input and output lines connected
to a distributed current source. The integrated circuit
includes one or more gain devices connected to the output
line. The distributed current source includes one or more
current sources connected to the output line and the gain
devices. A frequency dependent termination network 1is
connected to the output line for providing a termination
impedance and a sensing device for sensing a change 1n bias
voltage on the output line.

In one embodiment of the present invention, an integrated
circuit (e.g., a distributed amplifier) having input and output
lines 1s connected to a termination network including at least
one current source and a sensing device for sensing a change
in output bias voltage on the output line.

In one embodiment of the present invention, an integrated
circuit device comprises an integrated circuit (e.g., a dis-
tributed amplifier) having input and output lines connected
to a distributed current source. The integrated circuit
includes one or more gain devices connected to the output
line. The distributed current source includes one or more
current sources connected to the output line and the one or
more gain devices. A termination network 1s connected to
the output line and includes at least one current source and
a sensing device for sensing a change 1n output bias voltage
on the output line.

The frequency dependent termination network for each of
the foregoing embodiments can include a bias control loop
connected to the output line for automatically adjusting the
bias voltage on the output line. The termination networks
can 1nclude various frequency dependent termination loads,
including but not limited to one or more resistor-capacitor
(RC) networks 1n star and ladder configurations or a com-
bination of star and ladder RC networks. The termination
network can also include one or more M-derived matching
inductor-capacitor (LC) sections.

A delay section can be 1nserted 1n the 1nput and/or output
lines to control phase delays in the input and output lines. In
one embodiment of the present invention, one or more layers
of resistive film material (e.g., TFR film, bulk resistor layer)
can be disposed under the imput and/or output lines to
increase the loss along the lines. Also, the shunt conductance
of each current source can be increased at high frequencies
by adding an additional RC network in shunt with each
current source. To reduce jitter the distributed current
sources can be configured as a Tee or Pi attenuators by
connecting the current sources 1n shunt with one or more
series resistors, which are connected 1n series with one or
more matching inductors.

The present mvention also includes various embodiments
of current sources. One or more of these current sources can
be a depletion mode load style current source. The current
sources can 1nclude one or more of the following: a capaci-
five element to reduce capacitance of the current source, a
resistive element to suppress oscillations 1n output current
due to process variations, a capacitive element to maintain
constant voltage at higher frequencies, and a diode for
forward biasing gain devices. The currents sources can also
use negative conductance to compensate for losses down the
output line of the integrated circuit, such as a distributed
amplifier.
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The present mnvention can be fabricated m a single inte-
ograted circuit chip without the excess power dissipation
assoclated with supplying the bias current through an output
reverse termination resistor, and without the use of an
expensive off chip biasing choke. The present invention also
limits the maximum dynamic voltage swing on the outputs
of the active gain devices used within the distributed
amplifier, thereby increasing the reliability of the distributed
amplifier under large signal over drive conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an integrated circuit includ-
ing a distributed amplifier and an output bias and termina-
fion 1mpedance network, in accordance with one embodi-
ment of the present mnvention.

FIG. 2A 1s a circuit model of the distributed amplifier and
the output bias termination impedance network shown in

FIG. 1, 1n accordance with one embodiment of the present
invention.

FIG. 2B 1s a circuit model of the distributed amplifier and
the output bias termination impedance network shown in
FIG. 1 with extra shunt loss and extra lossy transmission
lines, 1n accordance with one embodiment of the present
invention.

FIG. 3 1s a circuit diagram of a frequency dependent
output bias and termination 1impedance network having an
automatic bias control loop, 1n accordance with one embodi-
ment of the present mnvention.

FIG. 4 1s a circuit model of two adjacent sections of a
distributed current source, 1n accordance with one embodi-
ment of the present mnvention.

FIG. 5 1s a circuit diagram of an N section distributed
amplifier integrated with a distributed current source.

FIG. 6 1s a circuit diagram of a “yth” section of an N
section distributed amplifier with a current source and a
lossless delay section added to provide output bias and
maintain equal phase delays, in accordance with one
embodiment of the present invention.

FIG. 7 1s a diagram of an integrated circuit, including an
N section distributed amplifier integrated with a distributed
current source and lossless delay sections, 1n accordance
with one embodiment of the present invention.

FIGS. 8A and 8B are circuit diagrams of complementary
P-type current mirror style current sources for use 1n a
distributed current source, in accordance with the present
invention.

FIGS. 9A-F are circuit diagrams of depletion mode load
style current sources for use 1n a distributed current source,
in accordance with the present invention.

FIG. 10 1s a diagram of an equivalent circuit for a current
source having a series capacitor to reduce effective current
source capacitance, 1n accordance with one embodiment of
the present invention.

FIG. 11 1s a diagram of an integrated circuit, including a
distributed amplifier connected to a distributed current
source output termination, in accordance with one embodi-
ment of the present mnvention.

FIGS. 12A-C are circuit diagrams of frequency depen-
dent termination impedance networks, 1n accordance with
the present invention.

FIG. 13 1s a circuit diagram of a six section distributed
current source, 1n accordance with one embodiment of the
present 1nvention.

FIG. 14 1s a diagram of an integrated circuit, including a
distributed amplifier integrated with distributed current
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source termination with extra current sources added at the
output, 1n accordance with one embodiment of the present
Invention.

FIG. 15 1s a diagram of an mtegrated circuit, including a
distributed amplifier integrated with distributed current
source termination with extra current sources added at the
output and delay sections added to maintain equal phase
delays, 1n accordance with one embodiment of the present
invention.

FIG. 16 1s a circuit diagram of a distributed current source
configured as a Tee or P1 attenuator, 1n accordance with one
embodiment of the present invention.

FIG. 17 1s a circuit diagram of a distributed current
source, which 1s the distributed current source shown 1n FIG.
16 modified to reduce bias dependence at high frequencies,
in accordance with one embodiment of the present 1nven-
tion.

DETAILED DESCRIPTION OF EMBODIMENTS

The present invention 1s described below using symbols
and nomenclature known to those skilled in the art of
integrated circuit technology. Like elements are collectively
designated by a single numerical designation, and individual
clements within the numerically designated set of elements
are designated alphanumerically. For example, elements “a”

and “b” are referred to collectively as elements 100 or
100a—b and 1ndividually as element 1004 and element 1005b.

The semiconductor devices described in the embodiments
below can be any type of known device, including without
limitation, Bipolar Junction Transistors (BJTs), Field Effect
Transistors (FETs), Pseudomorphic high electron mobility
(pPHEMPTs), Dual Gate Devices, and Cascode Pairs. These
devices can be made of any material, including without
limitation, Silicon (S1), Gallium Arsenide (GaAs), Indium
Phosphate (InPh), and Gallium Nitride (GaN).

Distributed Current Source Model

FIG. 1 is a block diagram of an integrated circuit (IC) 100
including a distributed amplifier 102, an output bias and
termination impedance network 104, and an input bias and
termination impedance network 106, in accordance with one
embodiment of the present invention. The distributed ampli-
fier 102 includes gain devices 108a—c (e.g., FET, BJT,
pHEMPT), which are used to amplify input signals received
from iput transmission line 112. While only three gain
devices are shown 1n FIG. 1, any number of gain devices can
be used with the present mnvention.

The output bias and 1impedance termination network 104
(“termination network 104”) is connected to the distributed
amplifier 102 via an output transmission line 114 to provide
dc biases to the outputs of the active gain devices 108a—c
and a terminating load impedance that is substantially con-
stant over the entire frequency range of operation of the
distributed amplifier 102. In one embodiment of the present
mvention, current sources 110a—b are connected to the
output transmission line 114 and mterleaved with the gain
devices 108a—c to provide the dc bias current to the outputs
(c.g., collectors, drains, etc.) of the gain devices 108a—c, as
described more fully with respect to FIG. 2 below.

FIGS. 2A-2B are circuit model diagrams of the distrib-
uted amplifier 102 connected to the termination network 104
shown 1n FIG. 1, in accordance with one embodiment of the
present 1nvention. For clarity purposes, only the outputs
200a— (e.g., collector, drain, etc.) of the gain devices
108a—c of the distributed amplifier 102 are modeled 1n
FIGS. 2A-2B. The outputs 200a— are modeled as con-
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output capacitances 204a—c. The current sources 202a—c and
capacitances 204a—c are connected to the output transmis-
sion line 114.

The termination network 104 comprises a bias current
source 206, a reverse termination resistor 208, a sense
resistor 210 and a dc voltage source 212. The bias current
source 206 1s connected 1n shunt with the reverse termina-
tion resistor 208, and provides a biasing current I, _to the
outputs 200a—c. If the biasing current I, . . does not match
the current I,. . , drawn by the outputs 200a—c, then the
bias voltage V,. _ at node 214 will tend to rail. The current
mismatch I . . causes a voltage drop across the sense
resistor 210, which can be measured and used to adjust the
voltage across the reverse termination resistor 208 using
voltage source 212. The bias current source 206 replaces the
external rf choke used in conventional output termination
networks for distributed amplifiers.

In one embodiment of the present invention, one or more
layers of resistive film material (e.g., TFR film, bulk resistor
layer) can be disposed under the transmission line 114 to
increase the loss. Also, the shunt conductance of each
current source can be increased at high frequencies by
adding an additional RC network in shunt with each current
source, as shown 1n FIG. 2B.

While the termination network 104 shown in FIGS.
2A—2B can be used to terminate the output of a distributed
amplifier, the termination network 104 can also provide the
bias current and the load termination concurrently for other
types of circuits, including but not limited to broadband
amplifiers, mixers, oscillators, and any other circuit that
could benefit from bias current and load termination.
Automatic Bias Control

FIG. 3 1s a circuit diagram of a frequency dependent
output bias and termination impedance network 300
(“termination network 300”) having an automatic bias con-
trol loop, 1n accordance with one embodiment of the present
invention. The termination network 300 1s another embodi-

ment of the termination network 104 and can be connected
to node 214 of the distributed amplifier 102 shown 1n FIG.

2.

The termination network 300 comprises a bias current
source 302, a comparing device 304 (c.g., operational
amplifier), a reverse termination resistor 306, a reverse
termination capacitor 308, a sense resistor 310, a sense
capacitor 312, and a dc voltage source 314. The values for
these devices can be selected to provide a desired frequency
response (e.g., 30 KHz). The reverse termination resistor
306, the sense resistor 310 and the comparing device 304 are
coniligured to function as a bias control loop for maintaining
a desired dc bias voltage V,. _at node 214 over temperature
variations and through aging of the gain devices 108a—c.
The bias current source 302 1s connected in shunt with the
reverse termination resistor 306, and provides a biasing
current I, . _to the distributed amplifier 102 via node 214. If
the biasing current I,. ~does not match the current I,, =
drawn by the outputs 200a—c of the gain devices 108a—c in
the distributed amplifier 102, then the bias voltage V. at
node 214 will tend to rail. The current mismatch I_ . . 1s
sensed by the comparing device 304, which balances the
currents I,;.. and I,,,. 4, by adjusting the bias voltage V,;,_.
at node 214 to the desired value using voltage source 314.

The termination network 300 can be auto-inserted and
auto-assembled during the IC fabrication process, thus
climinating the need for costly hand assembly typically
required with conventional circuits and techniques.
Reducing the Effect of Parasitic Output Capacitance

While the interleaving of a distributed current source into
the output bias network of a distributed amplifier 1s concep-
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tually straight forward, realizing an 1deal current source on
an IC chip at high frequencies 1s difficult to achieve 1n
practice. Practical current sources that can be realized in
conventional IC processes typically have parasitic output
capacitance, finite output resistance, and limited dynamic
range.

The parasitic output capacitance associated with a prac-
tical on chip active current source can be modeled by
distributing the capacitance over two or more sections of the
distributed current source. FIG. 4 1s a circuit model of a “jth”
section 402a and “yth+1” section 402b of a distributed
current source 400, in accordance with one embodiment of
the present mnvention. The jth section 4024 1s modeled as a
fixed current source 404a connected to a shunt parasitic
capacitance 408a (C,,,.,) and the jth+1 section 402b is
modeled as a fixed current source 4045 connected to a shunt
capacitance 4085 (C,,,..;,1). The sizes of the jth and jth+1
sections 402a, 402b, 1in the distributed current source 400
need not be the same. Small elemental inductances 4064 (L))
and 4060 (L, ,) are inserted into an artificial transmission
line 412 between sections 402a, 4025, forming an artificial

line low-pass filter, which absorbs the parasitic capacitance
408a.

In practice, the elemental inductances 406a, 406D, arc
realized using a small length of high impedance transmis-
sion line. The 1mage impedance Z; and corner frequency F_
of the “1th” stage of a distributed amplifier can be repre-
sented mathematically by equations (1) and (2), as follows:

L, 1+ L;
Z; = i :
2C

PArcsf

(1)

1 (2)
Lj—l +LJ,'
2

It 1s noted from equations (1) and (2), that the image
impedance Z. and the corner frequency F . are functions of
the elemental inductance 410 (L;_,) from the “j—1th” section
of the distributed current source 400 and the elemental
inductance 406a (L) and capacitance 408a (C,,,,,.,) of the
“1th” section 402a.

The techniques described above are used with distributed
current sources to reduce the effects of shunt parasitic
capacitance on the frequency response of a distributed
amplifier. Equations (1) and (2) generally describe how the
capacitances of the current sources of the biasing network or
the capacitances of the gain devices of the distributed
amplifier are absorbed into an artificial transmission line
with an arbitrary bandwidth with corner frequency F..
Distributed Current Source Integrated With Distributed
Amplifier

FIG. 5 1s a circuit diagram of an integrated circuit 501,
including an N section distributed amplifier 500 integrated
with a distributed current source 502. The distributed current
source 502 1s in shunt with a reverse termination resistor 516
to simultaneously provide dc bias and proper impedance
termination. The distributed amplifier 500 1s realized on an
IC chip and comprises gain devices 504a-N (e.g., ED-MOS
or CMOS digital inverter gates), where each gain device
504a-N can be an E-type, pull-down active gain device. The
distributed current source 502 comprises current sources
506a-M (e.g., ED-MOS or CMOS digital inverter gates)
integrated with the gain devices 504a-N, where each current
source 306a-M can be a D-type, pull-down active current
source. Inductor elements 508a-N are preferably inserted
into output transmission line 512 between nodes 510a-N,
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and are shared by the gain devices 504a-N and the current
sources S06a-M. As discussed previously with respect to
FIG. 4, the inductor elements absorb the shunt parasitic
capacitance contributed by the current sources 506a-M to
reduce the effect of such capacitance on the frequency
response of the distributed amplifier 500.

The design of the integrated circuit 501 shown 1n FIG. 5
1s constrained by the desired input and output impedances of
the two artificial transmission lines 512, 514, which make up
a transversal filter. The delays on lines 512, 514, should be
approximately equal for input signals to arrive in phase at
the output port. Moreover, to achieve a fast rise time the
distributed amplifier 500 should have a broad bandwidth,
requiring the cut-off frequencies of the lines 512, 514, to be
orecater than some minimum desired frequency.

The 1image impedance Z_; and cut-off frequency F_; of the
“1th” stage of the distributed amplifier 500 1s represented
mathematically as:

(3)

1 (4)

[t 1s noted from equations (1) and (2), that Z_; and F_; are
functions of the capacitance C; at nodes 510a-N. Thus, by
inserting current sources 306a-M 1nto the output transmis-
sion line 512 at each node 510a-N, the corner frequency F_,
and output 1mage impedance Z_, will change. Since 1t 1s
desirable to maintain a fixed corner frequency F_; and output
image 1mpedance Z . at each node 510a-N to achieve
desired transversal filter characteristics, the gain devices
504a-N of the distributed amplifier 500 can be made smaller
in size to maintain the desired capacitance C,, and therefore
the same 1mage impedance Z_; and corner frequency F_.. For
example, 1 one embodiment one could make the gain
devices 504a-N 1n the distributed amplifier 500 about two-
thirds of their normal size. Unfortunately, reducing the size
of the gain devices 504a-N results 1n less gain and output
swing from the distributed amplifier 500

The reduced gain and output swing cannot be fixed by
simply adding more sections (e.g., gain devices) to the
distributed amplifier 500 because for any distributed ampli-
fier design there is an optimal number of sections (e.g.,
usually about six to nine), which is determined primarily by
losses down the input transmission line 514. Also, the extra
conductance contributed by the current sources 506a-M only
add to the gain roll-off along the output transmission line
512. While reducing the size of the gain devices 504a-N may
be adequate for some applications, there are other applica-
tions where more output power and gain with less gain
roll-off 1s desired. Thus, a new topology 1s needed that
enables the 1ntegration of the distributed current source 502
into the distributed amplifier 500 without having to reduce
the size of the gain devices 504a-N 1n the distributed
amplifier 500 to accommodate the additional capacitances
contributed by the current sources 506a-M 1n the distributed
current source 502.

In one embodiment of the present invention, the reduced
output swing limitation 1s resolved by fixing the size of the
cgain devices 504a-N. To fix the size of the gain devices
504a-N, one can add extra lossless delay sections to the
current sources 506a-M so that the current sources 506a-M
and gain devices 504a-N need not attach to the same nodes
(e.g., nodes 510a-N). The use of delay sections in the output
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and 1nput transmission lines 512, 514, 1s described more
fully with respect to FIG. 6 below.

Adding Lossless Delay Sections To Maintain Equal Phase
Delays

FIG. 6 1s a circuit diagram of the “jth” section 600 of an
N section distributed amplifier, including a current source
602, a cain device 604 and lossless delay sections 606a—b,
in accordance with one embodiment of the present inven-
tion. The delay section 606a includes inductor elements
608a, 608b, and capacitor 610a. The delay section 6065
includes inductors 608c, 608d, and capacitor 610b. The
current source 602 1s connected to the output transmission
line 612 and the gain device 604 1s connected to both the
output transmission line 612 and the 1nput transmission line
614. In one embodiment, the current source 602 1s a D-type,
active pull-up device (half the width) and provides bias
current to the gain device 604.

The delay sections 606a—b are added to each current
source 602 mnserted into the transmaission lines 612, 614, to
maintain equal phase delays on the transmission lines 612,
614. The capacitor 610a 1s connected to the current source
602 to match the output capacitance of the gain device 604
(C,.,;/2)- The inductor elements 608a, 608b, are approxi-
mately equal to the output inductance L, of the output
image line filter (L,,,;)/2, and the capacitor 6105 is approxi-
mately equal to the input capacitance of the gain device 604
(Ci.ze77)- The inductor elements 608c¢ and 608d are approxi-
mately equal to the input inductance of the input 1mage line
filter (L,,,.;/2).

The delay sections 606a—b shown 1n FIG. 6 provide one
whole delay, while absorbing the parasitic capacitance con-
tributed by the current source 602 into the output transmis-
sion line 612. By inserting the delay sections 606a—b 1nto the
output transmission line 612, a full-sized gain device 604
can be used 1n the distributed amplifier. In this way, the same
performance can be achieved as from providing the bias
through a conventional off-chip bias choke, except for extra
losses along the output transmission line 612 due to the finite
output conductance of the current source 602. As shown 1n
FIG. §, the current source 602 1s preferably added before the
gain device 604 to minimize such losses.

In another embodiment, the capacitor 610a 1s removed
and the i1nductor elements 608a, 608H are selected to be
approximately half the output inductance of the output
image line filter (L_,,./4). Likewise, the capacitor 610b is

otl]

selected to be approximately half the input capacitance
(Ciperi/2) of the gain device 604 and the inductors 608c,
608d, are selected to be approximately half the mput induc-
tance (L;,/4) of the input image line filter. Such an embodi-
ment 15 used 1n the distributed amplifier 702 described with
respect to FIG. 7 below.

FIG. 7 1s a circuit diagram of an N section distributed
amplifier 700, including gain devices 702a-N 1ntegrated
with a distributed current source 704 including current
sources 706a-M, 1n accordance with one embodiment of the
present invention. Lossless delay sections 708a—b are added
for every two gain devices 702a-N to provide output bias
and maintain equal phase delays. The current sources
706a-M can be, for example, a D-type active pull-up current
SOUrces.

The delay section 708a comprises inductor elements
710a—b and shunt capacitor 712, which are mserted in the
mnput transmission line 718 for every two gain devices
702a-N. The delay section 708b 1ncludes inductor element
714, which 1s inserted 1n the output transmission line 716 for
every two gain devices 702a-N. The inductor element 714 1s
approximately equal to the average of the other inductor
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clements L_ . inserted 1n the output transmission line 716.
Likewise, the shunt capacitor 712 1s approximately equal to
the average of the mput capacitances of the gain devices
702a-N on either side of the shunt capacitor 712, and the
inductor element 710a—b are approximately equal to the
average of the inductor elements L, 1nserted in the input
transmission line 718 either side of the inductor element
710. Adding the capacitor 712 and inductor elements
710a—b to the 1nput transmission line 718 and the inductor
element 714 (and optionally a capacitor as shown in FIG. 6)
to the output transmission line 716 maintains the desired
matched phase delays on the transmission lines 716 and 718.

In each of the previous two embodiments of distributed
current sources for both the ED MOS gate style with a
depletion load for each gain device (FIG. §) as well as the
interleaved current source with extra phase-compensating
filter elements (FIG. 7), the final performance of the dis-
tributed amplifier 1s dependant on the quality of the current
sources. The following section describes several embodi-
ments of current sources that can be integrated with a
distributed amplifier, 1n accordance with the present inven-
tion.
Active Current Sources

The active current sources that can be realized on chip
have several non-ideal properties. For example, a practical
active current source has parasitic capacitance, which can
only be absorbed up to the amount of capacitance present at
cach node of the output transmission line where the current
source 1s 1nserted. As discussed previously with respect to
FIG. 4, this capacitance 1s constrained by the 1mage 1imped-
ance Z.. and cut-off frequency F_ for the “ith” section of the
distributed amplifier.

A practical active current source also has finite output
conductance. The attenuation factor o, down the output
fransmission line 1s approximately

o,=(1/(2*D)*Z,,* (G cs+C (5)

where the length 11s the length of a unit section of the output
transmission line, Z.  1s the characteristic impedance of the
output transmission line, and G, and G, are the output
conductances of the current source and the gain transistor,
respectively. The losses along the output transmission line
due to the attenuation factor o, reduce both the gain and the
output power of the distributed amplifier.

An active current source also has a limited amount of
output current because there 1s a maximum current I,
which a given size device can supply. Therefore, any current
source constructed with this kind of device will only be able

o source a finite amount of current I, which 1s less than
I

gq)’

X"

A practical active current source also has a limited range
of voltage swing. It behaves as a current source when the
voltage drop across 1t 1s greater than i1ts knee voltage V,__ .
Below V. the current source behaves like a resistor with
its output current depending on the voltage applied across it.
At higher applied voltages across the current source, the
output conductance G, Iincreases abruptly near the break-
down voltage V, , of the current source.

The output conductance of an active current source 1s
non-linear, which leads to more distortion when using the
distributed amplifier in a linear mode. Besides the curvature
to the current-voltage (I-V) plot from the transition near
V. .. and also towards the higher voltages as you approach
V, ,, there can also be kinks due to traps and other non-
linearities.

Several embodiments of current sources that take into
account the above characteristics of practical current sources
are discussed below with respect to FIGS. 8 and 9.



US 6,788,148 B2

11

Complementary P-Type Current Mirror Style Current
Sources

FIGS. 8A and 8B are circuit diagrams of two current
source topologies implemented with complimentary-type
devices that can be integrated with a distributed amplifier, in
accordance with the present invention. With complementary
devices, the output current I_ _1s typically supplied out of an
isolated node (e.g., a drain, a collector, etc.). This helps to
keep the current constant regardless of the voltage applied
across 1it.

FIG. 8A shows a current mirror 800 comprising transis-
tors 802, 804, and a small series feedback resistor 806 (R ).
Adding the feedback resistor 806 helps to keep the output
current [~ constant over IC process variations. The current
source 800 has a control node 808 for controlling the output
current I . The control node 808 1solated from the output
node 810 of the transistor 804, so the applied voltage at
control node 808 does not effect the output current I_ ..

FIG. 8B shows a Wilson current source 812 constructed
from transistors 812, 814, and 816. The Wilson current
source 812 has lower output conductance G, at low fre-
quencies than the current mirror 800. At high frequencies,
however, the current mirror 800 and Wilson current source
812 provide similar performance. The Wilson current source
812 also has less headroom due to an additional voltage drop
across transistor 818.

The current mirror 800 and Wilson current source 812
shown 1n FIGS. 8A and 8B are implemented using PNP BJT
current sources, but other IC processes can also be used to
fabricate these current sources, including without limitation,
PMOS and PJFET processes. If the IC process offers various
complementary devices (e.g., n-type, p-type), then the faster
complimentary device type (e.g., n-type) are preferably used
for the gain devices i1n the distributed amplifier and the
slower complementary device type (e.g., p-type) to construct
the distributed current source.

Often there are no complementary devices available with
the IC process offered by the typical foundry. Such is the
case with most GaAs MESFET and pHEMT processes. In
such cases, there are various current source topologies based
solely on depletion mode FET devices, as described below
with respect to FIGS. 9A-9F.

Depletion Mode Load Style Current Sources

FIGS. 9A-9F are circuit diagrams of various current
source topologies based on depletion mode FET devices
which can be integrated with a distributed amplifier, in
accordance with the present invention. The basic current
source 900 shown m FIG. 9A sources a fair amount of
current for its capacitance (i.e., a favorable [ ../C_..). With its
gate connected to its source, its control nodes 901a, 9015,
are fixed so 1t has relatively high immunity to variations 1n
applied voltage to 1ts output node. This 1s equally true for the
current sources 908 and 910, shown 1n FIGS. 9E and 9F. The
current sources 900, 908, and 910, all have a fixed output
current I . that depends on the current I ,__of the IC process,
which can vary significantly from wafer to wafer.

The current sources 902 and 906 shown 1n FIGS. 9B and
9D avoid this problem by enabling the output current I_ . to
be adjusted by varying the voltage across the control nodes
9034, 903b, and control nodes 909a, 909b, respectively, to
be varied at the price of susceptibility to variations 1n the
output voltage. Capacitors 919, 921 (C,,) can also be added
to the current sources 902 and 906, respectively, to maintain
a constant gate-to-source voltage at higher frequencies.

The current source shown i FIG. 9C uses a series
negative feedback resistor 907 (R,) to suppress oscillations,
which helps keep the output current I . consistent over
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variations 1n I ,__ due to process variations. This same series
feedback approach can be applied to the current sources 908,
910, shown 1 FIGS. 9E and 9F. However, when you drop
voltage across the feedback resistor 907 to provide feedback
you pinch off the device, resulting 1n a lower I-./C,. One
way to get around this problem 1s to forward bias the
transistor 923 as shown in FIG. 9D by using a forward
biased diode 911 to supply a positive gate-to-source bias. By
forward biasing the transistor 923, the current source 906 is
able to source the most output current I__ . for a given device
S1Z€.

One way to double the current for a given amount of
capacitance, while also halving the conductance G, and
doubling the breakdown voltage V, ,, 1s to use a dual current
source 908 having two transistors 1n series as shown in FIG.
OE. This dual current source 908, however, also doubles the
knee voltage V, __, so it requires a greater bias voltage,
resulting in reduced efficiency. It also has half as sharp of
V. .. as a single current source leading to softer clipping,
orecater amplitude variation, and increased jitter.

All of the current sources shown in FIGS. 9A—F (other
than the dual gate current source 908 shown in FIG. 9E)
have a high output conductance G, and so are not 1deally
suited for integrating into a distributed amplifier. The dual
gate current source 908 has a little less current for a lower
I../C, . and also a higher V, ___ for a lower elliciency than
the basic depletion load current sources. It has such a low
amount of output conductance it can even be negative. As
can be observed from equation (5), the negative output
conductance G, enhances the gain of the distributed ampli-
fier by reducing the attenuation factor o, down the output
transmission line, as can be noted from equation (5).
Reducing Effective Current Source Capacitance

FIG. 10 1s a diagram of an equivalent circuit of a current
source 1000, including a series capacitor 1002 (C_ . ) to
reduce the effective current source capacitance 1004 (C_,_»),
in accordance with one embodiment of the present inven-
tion. The series capacitor 1002 can be applied to any of the
current sources shown 1n FIGS. 8 and 9 to increase 1-/C .
Adding the capacitor 1002 in series with the current source
1000 decreases the effective capacitance of the current
source 1000. This technique works well 1n a small signal
sense to reduce the elfective current source capacitance
1004. To provide the dc current, a shunt RL network 1006
1s used to provide the dc bias voltage V.. The value of
resistor 1008 the RL network 1006 1s selected so that it will
recharge the series capacitor 1002 for all bit patterns in the
input signal without shorting the series capacitor 1002. One
embodiment of a distributed current source comprising
current sources having series capacitors 1s described with
respect to FIG. 11 below.

Six Section Distributed Current Source With Series Capaci-
tor

FIG. 11 1s a circuit diagram of a six section distributed
current source 1100, 1n accordance with one embodiment of
the present invention. The distributed current source 1100
includes six R, . _ feedback style current sources 1110a—e¢
(e.g., the depletion mode load style current sources shown in
FIGS. 9C and 9D), each connected to a series capacitor
network 1108a—e comprising a shunt RL network (R;._, L. )
and a series bypass capacitor C, . as described with
respect to FIG. 10. The RL network (R, L. ) isolates
off-chip circuitry from the current source 1100.

The RL bias network 1112 provides dc bias current while
providing 1solation from off-chip circuitry via R, . and
L,. .. The inductor L, _1s a backside via used to ground the
capacitor C which 1s a chip bypassing capacitor for the
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dramn bias. R,; _ 1s the bond wire resonance suppression
resistor. The value of R,. _ can be determined as follows:

bins

Rb.ias=2v—]—‘bandwire/cb£as? (6)

where L, . . 1sthe inductance of the bond wire. The shunt
RL network (R, ... Lico »ias) allows the bias current to
flow through the inductor L. .. . The resistor R, .
provides high frequency isolation between the bond wire
and off-chip circuitry and the on-chip biasing current

sources. The shunt RL network (R;., piue Liso pias) AllOWS
the distributed current source to have consistent perfor- 10

mance 1independent of the bond wire length off-chip.

When the bypass capacitors C, 1 the networks
1108a— are large, the respective current sources 1110a—f
reduce to standard distributed current source lines (e.g., FIG.
9C). When the bypass capacitors C,, ... are about the same 15
value as the capacitances C,.. of the respective current
sources 1110a—/, then the current sources 1110a— reduce to
serics capacitors that reduce the effective capacitances of the
current sources 1110a—f, as described with respect to FIG.

10. 20

The distributed current source 1100 includes M-derived
inductor-capacitor (LC) matching sections 1104, 1106,
located at opposite ends of the distributed current source
1100. The M-dertved LC matching sections 1104, 1106, are
used to transition from fixed reference impedance Z, (e.g., 25
50 Ohms), to the image impedance Z; of the artificial
transmission line. The 1mage impedance Z; 1s the impedance
required to terminate an artificial transmission line as to
have the same 1impedance as 1f the artificial transmission line
was 1nfinitely long. The 1mage impedance Z, has strong 30
frequency dependence near the cut-off frequency of the
artificial transmission line. Using an M-derived termination
with M=0.6, provides a near optimal matching circuit to
match from the frequency dependent image 1impedance Z; to
the fixed frequency reference impedance Z, of a constant 35
impedance test environment. A further description of these
techniques can be found 1n 1.O. Zobel, “Theory and Design
of Electric Wave Filters,” Bell Sys. Tech. Jour., January
1923,

The 1mage line filter of the distributed current source 1100 40
can be better matched at its ends by including the M-derived
LC sections 1104, 1106. The M-derived LC section 1106
connected to the mput of the distributed current source 1100
1s optional, and provides impedance matching for testing
and modeling. The M-derived LC section 1104 1s connected 45
to a frequency dependent termination network 1102 and
adjusts the output bias current, as described more fully with
respect FIG. 2.

The termination network 1102 embodiment of the circuits
shown 1n FIGS. 12A—C. The network 1102 has high imped- 50
ance at lower frequencies such that the shunt combination of
the conductance of all the distributed current sources and the
frequency dependent termination maintains a proper termi-
nation down to dc. At high frequencies, the capacitances of
the distributed current sources will dominate, requiring 55
lower termination impedance because the distributed current
sources are behaving as a lossy artificial transmission line.
The values for the active devices 1n the termination network
1102 (e.g., capacitors C,, C,, C;, C, and inductors L, L,)
can be selected to provide the desired bandwidth for the 60
frequency dependent termination network 1102. The port
labeled V,. . can be used to sense changes in the bias
voltage and the port labeled Viias force €20 be used to adjust
the bias voltage 1n response to any sensed changes, as
previously described with respect to FIGS. 2 and 3. 65

At higher frequencies (e.g., above 2 GHz to 5 GHz), the
termination network 1102 behaves like a lossy transmission
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line and wants to be terminated with Z. of the output
transmission line 1114. At 30 KHz, which 1s close to dc, the
current sources 1110a—f are no longer distributed and so the
termination wants to be 15% to 35% higher, so that the sum
of the conductances G of the current sources 1110a—f and
the termination network 1102 equals 1/Z. of the output
transmission line 1114. Therefore, the optimal broadband
termination 1mpedance 1s frequency-dependant; that is,
higher near dc and drops to Z, over several decades of
bandwidth.

FIGS. 12A—C are circuit diagrams showing various
resistor-capacitor (RC) networks with this kind of frequency
response, 1n accordance with the present invention. FIG.
12A 1s a circuit diagram of a frequency dependent termina-
tion 1impedance star network comprising one or more Series
RC sections. FIG. 12B 1s a circuit diagram of a frequency
dependent termination impedance ladder network compris-
ing one or more RC ladder sections. FIG. 12C 1s a circuit
diagram of a frequency dependent termination 1impedance
combination network including both series and ladder RC
sections. One or more of these RC networks can be used in
the frequency dependent termination networks shown in
FIGS. 2A, 2B, 3, and 11 as well as in the embodiments
described below with respect to FIGS. 12-14. For example,
any one of the circuits shown in FIGS. 12A—C can replace
the fixed termination resistor 306 m FIG. 3 to provide a
frequency dependent termination impedance.

Distributed Amplifier With Distributed Current Source Out-
put Termination

FIG. 13 1s a circuit diagram of an integrated circuit 1301,
including a distributed amplifier 1300 having an 1nput
transmission line 1310 and an output transmission line 1308,
integrated with a distributed current source output termina-
tion network 1304, in accordance with one embodiment of
the present i1nvention. The distributed amplifier 1300
includes N sections of active gain devices 1302a-N. Each
gain device 1302a-N has an output (e.g., drain) connected to
the output transmission line 1308 and an input (e.g., gate)
connected to the input transmission line 1310. Each active
gain device 1302a-N 1s separated from 1its neighboring
active gain device 1302a-N by an elemental inductance
(L__ ) inserted in the output transmission line 1308 and an
elemental inductance (L, ) in the input line 1310. The
clemental i1nductances L__ ., L ..  provide equal phase
delays on the output and input transmission lines 1308,
1310, as previously discussed with respect to FIGS. 6 and 7.

The current source output termination network 1304
comprises M current sources 1306a-M, each current source
13064a-M 1s connected to the output transmission line 1308
the distributed amplifier 1300 and separated from 1ts neigh-
boring current source 1306a-M by an elemental inductance
L . . The current sources 1306a-M can be implemented
with any of the current sources described with respect to
FIGS. 8-9.

The output transmission line 1308 terminated with a
frequency dependent termination 1mpedance network 1312
comprising a reverse termination resistor R, and a
sense resistor R for monitoring the output bias voltage,
as previously described with respect to FIGS. 2 and 3.

The current source output termination network 1304
solves the problems associated with having the current
sources 1306a-M sharing the same output transmission line
1308 the distributed amplifier 1300 by placing the current
sources 1306a-M 1n the back of the distributed amplifier
1300 1n between the frequency dependent termination net-
work 1312 and the output of the distributed amplifier 1300.
In this way, the current sources 1306a-M form an active
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lossy transmission line, which provides dc bias and 1mped-
ance termination to the output of the distributed amplifier
1300 at the same time. The shunt conductances G of the
current sources 1306a-M no longer reduce the gain nor the
output power of the distributed amplifier 1300. In fact, the
loss helps to reduce the magnitude of the reflections off the
reverse termination resistor R, at higher frequencies.
Reducing Pattern Dependent Jitter

When a distributed current source 1s integrated with a
distributed amplifier, the overall simulated performance of
the combination compares favorably 1n all respects with the
same distributed amplifier biased with a conventional 1deal
rf choke, except for extra bit pattern dependent jitter. There
are at least two sources of this extra bit pattern dependent
jitter. These include clipping the voltage at the distributed
current source, which causes reflections that are spatially
well separated from the output, and the extra bounce on the
current sources provided by a series capacitor in the drain
bias network.

In one embodiment of the present 1nvention, one or more
extra current sources are added near the output to clip the
voltage on the top of the output waveform to reduce the extra
jitter induced from saturating the distributed current source
devices near the reverse termination. By using the knee
voltages V, __ of the current sources to clip the tops of the
output waveform and the knee voltages of the gain devices
to clip the bottoms of the output wavetorm, the amplitude of
the output wavetform can be kept more constant over varia-
tions 1n bit pattern. Two embodiments of this technique are
described below with respect to FIGS. 14 and 15.

FIG. 14 1s a circuit diagram of an integrated circuit 1401,
including a distributed amplifier 1400 integrated with a
distributed current source termination network 1404 includ-
ing extra current sources 1408a and 1408b, in accordance
with one embodiment of the present invention. The topology
shown 1n FIG. 14 1s a variation of the topology shown 1in
FIG. 11, whereby most of the current (e.g., 80-90%) 1is
supplied from the distributed current source termination
network 1402, as described with respect to FIG. 11, and the
remainder 1s supplied from the extra current sources 14084,
14085, embedded 1n output transmission line 1410 of the
distributed amplifier 1400, using the techniques for absorb-
Ing parasitic capacitance and maintaining equal phase delays
described with respect to FIGS. 6 and 7.

The output transmission line 1410 1s terminated with a
frequency dependent termination 1impedance network 1414
comprising a reverse termination resistor R, and a
sense resistor R for monitoring the output bias voltage,
as previously described with respect to FIGS. 2 and 3.

FIG. 15 1s a circuit diagram of an integrated circuit 1501,
including a distributed amplifier 1500 integrated with a
distributed current source termination network 1504 includ-
ing extra current sources 1508a and 1508b, in accordance
with one embodiment of the present invention. The topology
shown 1n FIG. 15 1s a variation of the topology shown 1n
FIG. 14, and includes delay sections 1516a4—b. The delay
section 15164 1s connected to the mput transmission line
1512 of the distributed amplifier 1500, and includes inductor
clements 15184—b and shunt capacitor 1520. The delay
section 15165 includes mnductor element 1522 inserted 1n the
output transmission line 1510. The delay sections 1516a—b
are used to maintain equal phase delays between the output
and 1nput transmission lines 1510, 1512, as previously
described with respect to FIGS. 6 and 7. The output trans-
mission line 1510 1s terminated with a frequency dependent
termination impedance network 1514 comprising a reverse

termination resistor R and a sense resistor R for
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monitoring the output bias voltage, as previously described
with respect to FIGS. 2 and 3.
Using a Tee or Pi1 Attenuator To Reduce Jitter

FIG. 16 15 a circuit diagram of a distributed current source
1600 configured as a Tee attenuator, 1n accordance with one
embodiment of the present invention. The distributed cur-
rent source 1600 includes two current sources 1602a—b.
Each current source 1602a—b 1s modeled by a shunt capaci-
tance 1604a—b (C ) and a shunt resistance 1606a—b (R ).
Each current source 1608a—b 1s also connected 1n shunt with
a series resistor 1610a— (R,_,;..), which is connected in
series with a matching inductor 1612a—c (L.,,,..). The input
capacitances 1604a—c are compensated for by adding the
series inductances 1612a—c to keep the characteristic imped-
ance Z, constant. For a single current source, the charac-
teristic impedance Z, can be represented mathematically as

follows:

(7)

where G ,_ 1s the shunt conductance of the current source.

The configuration shown in FIG. 16 makes the shunt
resistance of the current sources into attenuators, which
reduces jitter when the distributed amplifier 1s driven into
saturation. The distributed current source 1600 can include
any number of gain devices and can also be configured as a
p1 attenuator.

FIG. 17 1s a circuit diagram of a distributed current source
1700, which 1s the distributed current source 1600 shown
FIG. 16 modified to reduce bias dependence at high
frequencies, 1n accordance with one embodiment of the
present invention. The distributed current source 1700 1s the
same conflguration as the distributed current source 1600
except for the addition of imnductors 1702a—c connected 1n
shunt with the series resistors 1610a—c. The added inductors
1702a—c shunt the series resistors 1610a—c at dc so that a
voltage 1s not dropped across the series resistors 1610a—.

The above description 1s included to illustrate the opera-
tion of the preferred embodiments and 1s not meant to limat
the scope of the invention. Rather, the scope of the invention
1s to be limited only by the claims. From the above
discussion, many variations will be apparent to one skilled
in the relevant art that would yet be encompassed by the
spirit and scope of the 1nvention.

What 1s claimed 1s:

1. An mtegrated circuit device, comprising:

Z 0o V(Rsexies +j WLSEIiES)/ (Gds +j wcds) >

an 1ntegrated circuit having mput and output lines, the
integrated circuit having one or more gain devices
connected to the output line;

a distributed current source connected to the integrated
circuit and having at least one current source connected
to the output line for biasing at least one gain device;

a frequency dependent termination network connected to
the output line, for providing the integrated circuit with
a termination 1mpedance; and

a sensing device connected to the output line for sensing
a change 1n bias voltage on the output line.

2. The device of claim 1, wherein the termination network
includes a bias control loop connected to the output line for
automatically adjusting the bias voltage on the output line.

3. The device of claim 1, furthering comprising:

a delay section connected to the input line of the inte-

orated circuit to control phase delay in the input line.

4. The device of claim 3, wherein the delay section
includes an inductive element.

5. The device of claim 3, wherein the delay section
includes a capacitive element.
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6. The device of claim 1, further comprising:

a delay section connected to the output line of the dis-
tributed amplifier to control phase delay 1n the output
line.

7. The device of claam 6, wherein the delay section

includes an inductive element.

8. The device of claam 6, wherein the delay section

includes a capacitive element.

9. The device of claim 1, further comprising:

a delay section connected to at least one of the input and

output lines after every two gain devices.

10. The device of claim 1, wherein the current source has
an output connected to a capacitive element for reducing
capacitance contributed by the current source.

11. The device of claim 10, wherein the capacitive ele-
ment 1s connected to a shunt resistor-inductor network for
providing bias current.

12. The device of claim 1, wherein the termination
network includes a frequency dependent termination 1imped-
ance 1Including a resistor-capacitor (RC) star network to
compensate for parasitic conductance of the current source.

13. The device of claim 1, wherein the termination
network includes a frequency dependent termination imped-
ance including a resistor-capacitor (RC) ladder network to
compensate for parasitic conductance of the current source.

14. The device of claim 1, wherein the termination
network includes an M-derived matching inductor-capacitor
(LC) section.

15. The device of claim 1, wherein the current source 1s
a depletion mode style current source.

16. The device of claim 1, wherein the current source 1s
connected to a resistive element for suppressing oscillations
in output current due to process variations.

17. The device of claim 1, wherein the current source uses
negative conductance to compensate for losses along the
output line.

18. The device of claim 1, wherein the current source
includes at least one M-derived matching section.

19. The device of claim 1, wherein the current source 1s
connected 1 shunt with at least one inductive element,
which 1s connected to at least one resistive element to reduce
jitter 1if one or more gain devices 1s run 1n saturation.

20. The device of claim 19, wherein the resistive element
1s connected 1n shunt with an inductive element to prevent
a voltage from being dropped across the resistor at a
predetermined frequency.

21. The device of claim 1, further comprising:

a resistor-capacitive (RC) network connected in shunt to
the current source to increase attenuation along a
current bias line connecting the current source to the
output line.

22. The device of claim 1, wherein the output line
includes resistive material to increase loss along a current
bias line connecting the current source to the output line.

23. The device of claim 1, wherein the integrated circuit
1s a distributed amplifier and the distributed current source
1s 1ntegrated with the distributed amplifier.

24. The device of claim 1, wherein the current source
COMprises:

a transistor having gate and source terminals; and

at least one resistor connected between the gate and
source terminals for suppressing oscillations in the bias
current.
25. The device of claim 1, wherein the current source
COMprises:

a transistor having gate and source terminals;
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at least one resistor connected between the gate and
source terminals;

a capacitor connected 1n shunt with the resistor to main-
tain a constant voltage across the gate and source
terminals; and

a current adjustment mechanism for adjusting the voltage
across the gate and source terminals.
26. An mtegrated circuit device, comprising:

an 1ntegrated circuit having mput and output lines, the
integrated circuit having one or more gain devices
connected to the output line; and

a termination network connected to the output line, the
termination network comprising:
at least one current source connected to the output line
for biasing at least one of the gain devices; and
a sensing device connected to the output line for
sensing a change 1n output bias voltage on the output
line.

27. The device of claim 26, wherein the termination
network 1ncludes a bias control loop connected to the output
line for automatically adjusting the output bias voltage on
the output line.

28. The device of claim 26, wherein the current source 1s
connected 1n shunt with at least one inductive element,
which 1s connected in series with at least one resistive
clement to reduce jitter if one or more gain devices are run
In saturation.

29. The device of claim 28, wherein the resistive element
1s connected 1n shunt with an inductive element to prevent
a voltage from being dropped across the resistive element at
predetermined frequencies.

30. The device of claim 26, wherein the current source has
an output connected to a capacitive element for reducing
capacitance contributed by the current source.

31. The device of claim 30, wherein the capacitive ele-
ment 1s connected to a shunt resistor-inductor network for
providing bias current.

32. The device of claim 26, wherein the termination
network includes a frequency dependent termination 1mped-
ance 1ncluding a resistor-capacitor (RC) star network to
compensate for parasitic conductance of the current source.

33. The device of claim 26, wherein the termination
network includes a frequency dependent termination imped-
ance including a resistor-capacitor (RC) ladder network to
compensate for parasitic conductance of the current source.

34. The device of claim 26, wherein the termination

network includes an M-derived matching inductor-capacitor
(LC) section.

35. The device of claim 26, wherein the current source 1s
a depletion mode style current source.

36. The device of claim 26, wherein the current source 1s
connected to a resistive element for suppressing oscillations
in output current due to process variations.

37. The device of claim 26, wherein the current source
uses negative conductance to compensate for losses down
the output line.

38. The device of claim 26, wherein the current source
includes at least one M-derived matching section.

39. The device of claim 26, wherein the current source 1s
connected 1n shunt with at least one inductive element,
which 1s connected to at least one resistive element to reduce
jitter 1f one or more gain devices are run 1n saturation.

40. The device of claim 39, wherein the resistive element
1s connected 1n shunt with an inductive element to prevent
a voltage from being dropped across the resistive element at
predetermined frequencies.
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41. The device of claim 26, further comprising;:

a resistor-capacitive (RC) network connected in shunt to
the current source to increase attenuation along a
current bias line for connecting the current source with
the output line.

42. The device of claim 26, wheremn the output line

includes resistive material to increase loss along a current

bias line connecting the current source to the output line.
43. The device of claim 26, wherein the integrated circuit
1s a distributed amplifier.
44. The device of claim 26, wherein the current source
COMprises:

a transistor having gate and source terminals; and

at least one resistor connected between the gate and
source terminals for suppressing oscillations 1n the bias
current.
45. The device of claims 26, wherein the current source
COMprises:

a transistor having gate and source terminals;

at least one resistor connected between the gate and
source terminals;

a capacitor connected in shunt with the resistor to main-
tain a constant voltage across the gate and source
terminals; and

a current adjustment mechanism for adjusting the voltage
across the gate and source terminals.
46. An 1mtegrated circuit device, comprising:

an 1ntegrated circuit having mput and output lines, the
integrated circuit having one or more gain devices
connected to the output line;

a distributed current source connected to the integrated
circuit and having at least one current source connected
to the output line for biasing at least one of the gain
devices; and

a termination network connected to the output line, the
termination network comprising:
at least one current source connected to the output line
for providing bias to at least one gain device; and
a sensing device connected to the output line for
sensing a change 1n output bias voltage on the output
line.

47. The device of claim 46, wherein the termination
network includes a bias control loop connected to the output
line for automatically adjusting the output bias voltage on
the output line.

48. The device of claim 46, further comprising:

a delay section connected to the 1nput line of the distrib-
uted amplifier to control phase delay 1n the 1mnput line.
49. The device of claam 48, wherein the delay section
includes an inductive element.
50. The device of claim 48 wherein the delay section
includes a capacitive element.
51. The device of claim 46, further comprising:

a delay section connected to the output line of the dis-
tributed amplifier to control phase delay 1n the output
line.

52. The device of claam 51, wherein the delay section

includes an inductive element.

53. The device of claam 51, wherein the delay section

includes a capacitive element.

54. The device of claim 46, further comprising;:

a delay section connected to at least one of the input and
output lines after every two gain devices.
55. The device of claim 46, wherein the current source
includes a capacitive element for reducing capacitance con-
tributed by the current source.
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56. The device of claim 55, wherein the capacitive ele-
ment 15 connected to a shunt resistor-inductor network for
providing bias current.

S57. The device of claim 46, wherein the termination
network includes a frequency dependent termination imped-
ance including a resistor-capacitor (RC) star network to

compensate for parasitic conductance of the current source.
58. The device of claim 46, wherein the termination

network includes a frequency dependent termination imped-
ance including a resistor-capacitor (RC) ladder network to
compensate for parasitic conductance of the current source.

59. The device of claim 46, wherein the termination
network includes an M-dertved matching inductor-capacitor
(LC) section.

60. The device of claim 46, wherein the current source 1s
a depletion mode style current source.

61. The device of claim 46, wherein the current source 1s
connected to a resistive element for suppressing oscillations
in output current due to process variations.

62. The device of claim 46, wherein the current source
uses negative conductance to compensate for losses down
the output line.

63. The device of claim 46, wherein the current source
includes at least one M-derived matching section.

64. The device of claim 46, wherein the current source 1s
connected 1mn shunt with at least one inductive element,
which 1s connected to at least one resistive element to reduce
jitter 1f one or more gain devices are run 1n saturation.

65. The device of claim 64, wherein the resistive element
1s connected 1n shunt with an inductive element to prevent
a voltage from being dropped across the resistive element at
predetermined frequencies.

66. The circuit of claim 46, further comprising:

a resistor-capacitive (RC) network connected in shunt to
the current source to increase attenuation along a
current bias line for connecting the current source with
the output line.

67. The circuit of claim 46, wherein the output line
includes resistive material to increase loss along a current
bias line for connecting the current source with the output
line.

68. The device of claim 46, wherein the current source
COMPriSes:

a transistor having gate and source terminals; and

at least one resistor connected between the gate and
source terminals for suppressing oscillations in the bias
current.
69. The device of claim 46, wherein the current source
COMPrises:

a transistor having gate and source terminals;

at least one resistor connected between the gate and
source terminals;

a capacitor connected 1n shunt with the resistor to main-
tain a constant voltage across the gate and source
terminals; and

a current adjustment mechanism for adjusting the voltage

across the gate and source terminals.

70. The device of claim 46, wherein the integrated circuit
1s a distributed amplifier and the distributed current source
1s 1ntegrated with the distributed amplifier.

71. A circuit for biasing and terminating one or more
integrated circuits, comprising:

a plurality of current sources connected to a transmission
line, each current source having an output terminal for
providing biasing current;
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a bypassing capacitor connected to the output terminal of
cach current source;

a resistor-inductor (RL) network connected in shunt with
the bypassing capacitor; and

a termination network connected to the transmaission line,

the termination network comprising:

a sensing device connected to the transmission line for
sensing a change 1n output bias voltage on the
transmission line.

72. The circuit of claim 71, wherein the current source 1s
a depletion mode style current source.

73. The circuit of claim 71, wherein the current source 1s
connected to a resistive element for suppressing oscillations
in output current due to process variations.

74. The circuit of claim 71, wherein the current source
uses negative conductance to compensate for losses down
the transmission line.

75. The circuit of claim 71, wherein the termination
network includes at least one M-derived matching section.
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76. The circuit of claim 71, wherein at least one current

SOUrce Comp rises:

a transistor having gate and source terminals; and

at least one resistor connected between the gate and

source terminals for suppressing oscillations 1n the bias

current.
77. The circuit of claim 71, wherein at least one current

SOUrCe CoImp rises:

a transistor having gate and source terminals;

at least one resistor connected between the gate and
source terminals;

a capacitor connected 1n shunt with the resistor to main-
tain a constant voltage across the gate and source
terminals; and

a current adjustment mechanism for adjusting the voltage
across the gate and source terminals.
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